Gas-liquid chromatographic analysis of volatile fatty acid patterns was performed when growth was initially detected in 87 positive blood cultures. Isovaleric acid, butyric acid, or both were found in 39 of 43 (90%) blood cultures that contained anaerobes but were absent in all 44 cultures that contained facultatively anaerobic or aerobic bacteria. The detection of isovaleric acid indicated the presence of Bacteroidesfragilis, as this acid was found in 88% of unimicrobial and 75% of polymicrobial bacteremias due to B. fragilis. Butyric acid was detected most often in blood cultures which grew Fusobacterium spp. (three of three), Clostridium spp. (six of seven), or both (three of four).
The isolation and identification of obligately anaerobic bacteria from clinical specimens by conventional laboratory methods is time consuming. Early detection of anaerobic infection is particularly important when Bacteroidaceae are involved because of the substantial mortality rate associated with bacteremia due to these organisms (1, 9) . This study was conducted in an effort to detect anaerobic bacteremia more easily and rapidly by direct gas-liquid chromatographic (GLC) analysis of the characteristic volatile fatty acids (VFA) produced by certain anaerobes during glucose metabolism in blood culture media.
MATERIALS AND METHODS
Blood cultures collected from patients at the Mayo Clinic affiliated hospitals were analyzed from January through June, 1981. Samples (10 ml) of blood were inoculated into each of two bottles of tryptic soy broth (Difco Laboratories, Detroit, Mich.) containing CO2 and 0.025% sodium polyanetholsulfonate and into a biphasic brain heart infusion medium bottle. The cultures were processed as described by Washington (7) . Upon visible evidence of turbidity, hemolysis, gas production, or discrete colonies, a Gram-stained smear of the blood culture medium was made. During the first 3 months of the study, the broths of all positive cultures that demonstrated either gram-negative or gram-positive bacilli were analyzed by GLC. For the remainder of the study, GLC analysis was limited to those broths which had microscopic evidence of growth but which had yielded no visible growth in early routine aerobic subcultures. In most cases, GLC analysis was performed at the first sign of growth; however, in a small number of cases, the chromatography was not performed until 24 h later with broth from blood culture bottles stored at room temperature. Anaerobic, facultatively anaerobic, and aerobic bacteria were isolated and identified as previously described (8) .
GLC procedure. Broth (3 ml) was aspirated from positive blood culture bottles and centrifuged at 3,000 x g for 10 min. Ether extracts of the VFA were prepared from the supernatant. Samples (14 ,ul) of the extracts were injected into the chromatograph, and VFA patterns were noted and compared with those described previously (3) . VFA standards (Capco, Sunnyvale, Calif.) were run weekly. Uninoculated tryptic soy broth and sterile blood culture controls were included.
The quantitation of detected VFAs was performed by the measurement of GLC peak heights (in millimeters) and the use of a standard curve (3). The curve was constructed by serial dilution of a VFA standard solution (which contained known concentrations of various VFAs) and correlation of GLC peak heights with the VFA standard concentrations. Tentative identifications of VFAs were made by a comparison of the sequence and retention times of the unknown peaks with those produced by chromatography of the VFA standard.
Chromatographic instrumentation. A Dohrmann Envirotech gas chromatograph (model 15C-3) equipped with a thermal conductivity detector was used. The glass column (6 ft by 0.25 in.; ca. 183 by 0.6 cm) was packed with 15% SP-1200 and 1% H3PO4 on Chromosorb W (acid-washed) 100/120 mesh (Supelco Inc., Bellefonte, Pa.). Operating conditions were: injection temperature, 190°C; detector temperature, 160°C; column temperature, 155°C; and helium carrier gas flow rate, 60 ml/min. (Table 1) . Acetic acid, alone or accompanied by propionic acid, was present in blood cultures that grew aerobic, facultatively anaerobic, or anaerobic bacteria and thus was a nonspecific finding. In contrast, isovaleric acid, butyric acid, or both were detected only in blood cultures that yielded anaerobes. These VFAs were found in 36 of 39 unimicrobial anaerobic bacteremias (92%) and in 3 of 4 cultures that contained both Bacteroides fragilis group and Clostridium spp.; they were absent in all 44 blood cultures that grew aerobic or facultatively anaerobic bacteria. Isovaleric acid (mean, 2.1 ,umol/ml; range, 1.5 to 3.2 ,umol/ ml) was detected in 29 of 33 (88%) blood cultures containing isolates of the B. fragilis group (Fig.  1) . The four cultures that contained B. fragilis but did not have isovaleric peaks exhibited delayed growth, minimal growth, or both on culture media. Butyric acid (mean, 2.3 ,umol/ml; range, 2.1 to 2.3 p.mol/ml) was present in 9 of 11 cultures that grew Clostridium spp. and in all 3 that yielded Fusobacterium spp. (>10 ,umol/ml). There was one Clostridium isolate which produced isovaleric acid but not butyric acid.
RESULTS

DISCUSSION
The results of this study suggest that the detection of isovaleric acid, butyric acid, or both by direct GLC analysis of blood cultures is a reliable indicator of anaerobic bacteremia. Moreover, isovaleric acid was present in 26 of 29 (90%) blood cultures that grew only B. fragilis group organisms and in an additional 3 of 4 cultures that grew B. fragilis and Clostridium spp. Thus, the presence of isovaleric acid in blood culture media strongly suggests B. fragilis bacteremia. Butyric acid was most often detected when Clostridium or Fusobacterium spp. were present in blood cultures; however, these two anaerobes could be easily distinguished in Gram-stained smears. Isovaleric and butyric acids were not present when bacteremia was due to facultatively anaerobic, aerobic gram-negative, or aerobic gram-positive bacilli. Detection of isovaleric acid, butyric acid, or both by direct GLC analysis of positive blood cultures may be, therefore, a sensitive (90%) and specific (100%) means for the identification of the presence and specific cause of anaerobic bacteremia. This method is also extremely rapid, allowing confirmation of the presence of anaerobes within 30 min after detection of a positive blood culture and 18 to 36 h before results of a subculture for aerotolerance can be available.
Our findings are in general agreement with those of two other groups. Although Reig et al. (5) used different blood culture media and GLC instrumentation than we did, they found an 88% correlation between the detection of butyric acid, isovaleric acid, or both and the presence of anaerobic bacteria. Wust (10) found elevated levels of isovaleric and succinic acids in Bacteroides spp. bacteremia. The demonstration of succinic acid requires a methylation extraction procedure that we did not perform, and succinic acid may also be produced by aerobic and facultatively anaerobic organisms.
In contrast to our results, Sondag et al. (6) claimed that detection of acetic and propionic acids is specific for the presence of the B. fragilis group and found isovaleric acid in only 4 of 13 cultures. They used different GLC instrumentation and both thiol and tryptic soy broth, and they studied both "seeded" and clinical blood cultures. The exact reasons for the differences in VFA patterns observed, however, are not known.
Since only about 12% of bacteremias may be caused by anaerobes (7), the GLC analysis will have to be used selectively to be cost effective. Routine subculturing of blood cultures during the first 12 h of incubation is a helpful procedure (2), although specific "blind" subculturing for anaerobic incubation is not recommended (4) . Direct GLC analysis can, therefore, be most efficiently performed on macroscopically positive blood cultures with negative routine (aerobic) subcultures. This approach will eliminate from the GLC workload a substantial number of positive blood cultures with facultatively anaerobic or aerobic bacilli which have already grown on aerobic subcultures.
